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Figure 3. Frequency Band Arrangement 
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Discrete FFT of Vibration Data with No Bearing Damage 
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Spectral Power Analysis Bearing with No Damage 
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Figure 10. 



Discrete FFT of Vibration Data with initial Bearing Damage 
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Spectral Power Analysis for Slightly Damaged Bearing 
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Figure 12. 

Normalized Bit Vibration with Moderate Bearing Damage 
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Discrete FFT of Vibration Data for Moderate Bearing Damage 
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Figure 16. Strain Gauge Placement In Sensor Housing 
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Figure 17. Failure Indication (MSRA Method) 
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Figure 18. Schematic of MSRA Failure Detection Scheme 



Strain Gauge for No Bearing Damage 
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Discrete FFT of Strain Gauge Signal for No Bearing Damage 



Discrete FFT of Strain Gauge Signal for No Bearing Damage 



U.U»f 



0.07h 

0.06 r 

I 

0.05 1 
0.04 W 
0.03 
0.02 
0.01 h 



Fundamental Frequency «lHz (60 rpm) 



! I li 



lit?! 



20 40 60 80 

Frequency (hertz) 



100 120 
Figure 20. 



Mean Strain Analysis for Bearing with No Damage 
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Mean Strain Analysis for Bearing with Light Damage 
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Strain Gauge Signal when Bearing Moderately Damaged 
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Discrete FFT of Strain Gauge Signal for Moderate Bearing Damage 
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Mean Strain Analysis for Bearing with Moderate Damage 
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Strain Gauge Signal with Bearing In Early Failure 
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Discrete FFT of Strain Gauge Signal for Bearing In Early Failure 
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Mean Strain Analysis for Shifting Load Condition 
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Acceleration (Light Bearing Damage) 
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Figure 1*| Diagram of Voice Coil Power Generator 
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